The phylogenetic relationships of 17 Bacillus strains isolated from plants and soil were determined from partial sequences of genes encoding 16S rRNA, gyraseA (gyrA) and the cheA histidine kinase. Five strains were closely related to Bacillus subtilis subsp. subtilis, three strains were more closely related to B. subtilis subsp. spizizeni and two strains were identified as B. mojavensis. The remaining seven strains formed a cluster closely related to, but distinct from, Bacillus amyloliquefaciens. Some of these strains formed red-pigmented colonies. The abilities of selected strains to survive in the rhizosphere and to colonize plants were studied using oilseed rape (Brassica napus), barley (Hordeum vulgare) and thale cress (Arabidopsis thaliana) as model plants. It was shown by following the titre of bacteria in seedlings and by scanning electron microscopy that survival of Bacillus cells on the roots of seedlings during the first week after treatment of seeds with spore suspensions was crucial for colonization of the rhizosphere and for biocontrol activity. The group of strains related to B. amyloliquefaciens were generally better adapted to colonization of the rhizosphere of plants than other members of the B. subtilis group and could be considered a distinct ecotype of B. amyloliquefaciens. Bacteria in this taxon could be recognized on the basis of amplification of a PCR product with primers directed to the tetB(L) locus but no product with primers directed to the a-amylase gene of B.amyloliquefaciens sensu stricto.
Introduction
It is generally recognized that the tissues of healthy plants can be colonized internally by microorganisms. The use of biopesticides based on these natural endophytic bacteria to control plant diseases is considered as a promising ecological alternative to chemical treatments. Several attempts to manipulate the development of plant-associated microbial communities of crop plants in order to protect the plants from disease or to promote plant growth have been made [1] [2] [3] . Usually these experiments involve the introduction of a large population of a specific microorganism to the seeds or to a furrow during planting [4] [5] [6] . Strains of Bacillus have several advantages over other biocontrol bacteria in that they are easy to cultivate and store. They can be applied as spores on plant seeds or in inoculants and they show significant protective effects towards several microbial pathogens as well as plant growth promoting activities. In particular, strains of Bacillus amyloliquefaciens and Bacillus subtilis have been shown to synthesize plant growth promoting substances such as gibberellins and indole-acetic acid [7] , extracellular phytase [8] , chitinase [9, 10] and antifungal peptides [11] [12] [13] [14] . Seed inoculants containing strains of B. subtilis and related species have been shown to increase yields of various crops [1, 5, [15] [16] [17] .
Recent taxonomic studies have revealed that B. subtilis is heterogeneous and should be considered as a complex of closely related species. Thus, isolates previously classified as B. subtilis are now recognized as Bacillus atrophaeus, Bacillus mojavensis, and Bacillus vallismortis [18] [19] [20] and B. subtilis in turn has been divided into two subspecies B. subtilis subsp. subtilis and B. subtilis subsp. spizizenii [21] . B. subtilis and B. amyloliquefaciens are phenotypically similar species and can easily be confused. It is therefore not surprising that most large-scale studies of the endophytic microflora refer to isolates as B. subtilis without deeper analysis of their taxonomy. However, definitive identification is important because biocontrol and plant promotion activities including antibacterial and antifungal polypeptide production, and synthesis of extracellular phytase and chitinase, are strain-specific and may be associated with certain species and subspecies of B. subtilis sensu lato [8, 12, 14] .
In this study we have used partial 16S rRNA, gyrA and cheA sequences to assign several endophytic Bacillus strains to a group closely associated with B. amyloliquefaciens and with many of the features of a distinct ecotype. We further show that selected strains, in particular those of the B. amyloliquefaciens ecotype, colonize plant roots effectively and can apparently withstand the antibacterial effects of plant root exudates.
Materials and methods

Bacterial strains
The bacterial strains used in this study and the GenBank accession numbers of corresponding sequences are listed in Table 1 . The collection included isolates from plants and soil (Ukranian Collection of Microorganisms, UCM strains) which had previously been identified to the B. subtilis/B. amyloliquefaciens group on the basis of phenotype [22, 23] . A further five strains of Bacillus were isolated from Arabidopsis thaliana seedlings which had been surface sterilized as seeds and germinated under gnotobiotic conditions (see At strains in Table 1 ). Bacteria were grown at 37°C on nutrient agar (Oxoid).
The antagonistic activity of Bacillus strains was tested in vitro on potato dextrose agar (PDA). A spore suspension of Leptosphaeria maculans (100 ll of 10 7 spores ml À1 ) was spread upon the plates and incubated for 2 days at 28°C. Bacillus cultures were inoculated on to the centre of the same plates using a microbiological loop and the plates incubated for 4 days at 28°C. Zones of inhibition of fungal growth were measured.
Plant growth conditions and treatments
Oilseed rape (Brassica napus L. cv. Westar, susceptible to Leptosphaeria maculans), barley (Hordeum vulgare cv. Optic) and thale cress (Arabidopsis thaliana An-1), sensitive to the phytopathogenic fungus L. maculans [24] were used in the study.
Seeds were surface sterilized with 10% NaHClO 4 for 20 min, rinsed briefly with ethanol, washed with sterile distilled water and treated for 2 h with Bacillus spore suspension (approximately 10 7 spores ml À1 ) produced from cultures grown on nutrient agar at 37°C for 4 days generally achieving more than 99% sporulation as judged by microscopy. Culture was removed from the plate with sterile distilled water and adjusted to the desired titre with distilled water. To determine the growth colonization ability of Bacillus strains, plants were grown for 4 days in a climate chamber with 70% relative humidity and 16 h daylight at 21°C and 8 h darkness at 17°C in plastic vessels with Silvaperl (William Sinclair Horticulture Ltd., Lincoln) (10 g of Silvaperl soaked with 70 ml of liquid MS medium and sterilized at 115°C for 30 min), or in pots with twice autoclaved standard sphagnum based soil. In all plant colonization experiments we used 12 plants in each test group and a negative control group (seeds treated with sterile distilled water). Parts of roots, steams, leaves, flowers and pods were weighed, crushed, re-suspended in 1 ml of water, heated at 60°C for 20 min to remove non-sporeforming bacteria and plated on nutrient agar. Mean values and standard deviations were calculated.
The PG2 isolate PHW 950:14 (Leroy) of L. maculans [25] was used for plant inoculations. The fungus was grown on potato dextrose agarose (PDA, Sigma) for two weeks before harvesting pycnidiospores. To assess the protective effects of Bacillus strains, seeds of A. thaliana (An-1) were surface sterilized as above and treated with Bacillus spore suspension mixed with L. maculans pycnidiospores in proportion Bacillus/L. maculans 10 8 /10 7 and 10 7 /10 5 spores ml À1 . In positive and negative controls, seeds were treated with sterile water and spore suspensions of L. maculans (in concentrations 10 7 and 10 5 spores ml À1 ) respectively. The seeds were germinated in 24-well multiwell plates (2 seeds per well) with 2 ml Murashige and Skoog (MS) medium (ICN Biomedicals) supplemented with 1% glucose and 1% microbiological agar.
Electron microscopy
Surface sterilized seeds of A. thaliana were treated with Bacillus spore suspensions (approximately 10 7 spores ml À1 ) as described above and placed on sterile tissue saturated with water and kept under light for 3 days in the climate chamber as described above. Bacillus treated seeds and 4-day-old embryos of A. thaliana were fixed in 1% glutaraldehyde in PBS buffer (20 g NaCl, 2 g KCl, 2 g KH 2 PO 4 , 14.1 g NaH 2 PO 4 per l À1 of distilled water, pH 7.2) for 2 h. Samples were treated with 1% OsO 4 for 1 h, rinsed with distilled water, dehydrated in acetone gradually by 20% (15 min per each stage) and finally dried by the critical-point method. They were coated with platinum/palladium before viewing in a JEOL SEM 6320 microscope.
DNA fragment amplification, sequencing and phylogenetic analyses
Chromosomal DNA was isolated from late exponential phase nutrient broth cultures by phenol extraction as described previously [26] . PCRs were performed on a Hybaid PCR Express thermal cycler using BioTaqe DNA Polymerase (BioLine). The primers used and annealing temperatures are shown in Table 2 . PCR products were electrophoresed in 1.5% agarose (Seakem LE agarose, Flowgen). PCR products were sequenced in both directions using an ABI 310 capilliary sequencing system as described previously [27] . Sequences were aligned using BioEdit 5.0.9 (http://www.mbio.ncsu.edu/ BioEdit/bioedit.html) and edited manually.
The chromosomal loci upstream to tetB(L) were prepared by PCR amplification with two inverted PCR primers TetL_Up and TetB_Dn (Table 2) . Chromosomal DNA preparations from B. amyloliquefaciens strains UCMB-5017, B-5113 and B-5044 were cleaved with HindIII for which no sites were present in the part of the gene to be amplified, ligated using T4 DNA ligase and used as template for PCR reactions. The PCR products derived from templates of ligated HindIII digests of chromosomal DNA were sequenced using the primer TetL_Up.
Phylogenetic trees were constructed by NeighbourJoining and the UPGMA algorithm within BioEdit 5.0.9.
Results
Plant colonization by Bacillus isolates
The ability of selected strains to colonize roots of seedling was tested using both a cereal (barley; H. vulgare) and a dicotyledonous plant species (oilseed rape; B. napus). Colonies of inoculant strains were identified visually and verified by microscopy. No colonies of sporeforming bacteria were detected in control plants treated with sterile water. Of 12 bacterial strains examined, the red-pigmented strains At1, At4 and UCMB-5113 were the most efficient at colonizing the roots of seedlings of both barley and oilseed rape. After growth for four days they could be recovered from root tissues of both plants in high numbers (approximately 1-2 Â 10 6 CFU g À1 wet root tissue; indicated as '+++' in Table 1 ). Of the non-pigmented strains of Bacillus, UCMB-5049 and B-5137 colonized roots reasonably successfully (approximately 10 6 CFU g À1 of 4-day-old barley roots but only 1.0 AE 0.5 Â 10 5 CFU g À1 of 4-dayold oilseed rape roots; indicated as '++' in Table 1 ). While strains UCMB-5017 and B-5033 colonized barley seedling roots efficiently (around 10 5 CFU g À1 ) only a few colonies were isolated from oilseed rape seedling roots (indicated as '+' in Table 1 ). The recovery of all other strains (UCMB-5008, B-5036, B-5044, B-5184 and At3) was too low to allow an accurate estimation of bacterial numbers (indicated as '-' in Table 1 ). Oilseed rape plants grown from seeds treated with spores of Bacillus did not differ from control plants, with no signs of disease or growth inhibition. However, the red-pigmented colonies of strains At1, At4 and UCMB-5113 could be isolated from stems, leaves, flowers and pods of the treated plants in titres of around 1.0 Â 10 3 CFU g À1 tissue after one month of growth.
Plant protection by Bacillus isolates
The abilities of Bacillus strains to protect plants against phytopathogens relates to antibacterial and antifungal polypeptide biosynthesis, and to the abilities of these strains to survive on plant roots. In our experiments, seeds of A. thaliana were treated with Bacillus spore suspensions mixed with spores of the phytopathogenic fungus L. maculans. The fungal growth was registered after incubation for one week. Concomitantly, the antagonistic activity of the Bacillus strains was tested in vitro as zones of inhibition of fungal growth. Strains UCMB-5017 and UCMB-5036 showed high antifungal activity on plates but protected only half of the phytopathogen-treated A. thaliana seeds (Table  3) , while the red-pigmented strain (UCMB-5113) was characterized by a relatively weak antagonistic activity on plates but complete protection of the plant seedlings.
Plant-microbe interactions often involve release of bacteriocidal substances by the plant to suppress bacterial growth in the rhizosphere. We investigated the effects of root secretions by A. thaliana on the development of two strains, the successful root colonizer, UCMB-5113 (red-pigmented) and strain UCMB-5017 which is non-pigmented and a poor root colonizer. After treatment of the seeds with Bacillus spores, the seed surface was periodically examined during seed germination for the presence of spores and vegetative cells by SEM. Spores of both strains successfully germinated on the seed surface after one day (Fig. 1) and, in the case of the more successful plant-colonizing strain, structures apparently attaching the bacterium to the root surface were apparent (Fig. 2) . Seed germination started 2-3 days after treatment (Fig. 3(a) and (b) ). At this time changes in cell morphology were apparent in strain UCMB-5017. The cells near the root of the seedling were depressed (Fig. 3(c) ) perhaps due to the release of bacteriocidal substances by plant roots. One day later, no cells of strain UCMB-5017 were visible, only empty cell walls were observed on the seed surface (Fig. 4(a) ). Conversely, cells of strain UCMB-5113 formed a cell 
layer on the seed surface (Fig. 4(b) ) and microcolonies were apparent in the root hair zone (not shown).
Taxonomy of plant-associated Bacillus isolates
We were also interested to characterize the Bacillus strains taxonomically to determine if plant colonizing and protective features correlated with phylogenetic groups. We amplified and compared the hypervariable 5 0 -regions (nucleotides 115-485) of the 16S rRNA genes of the strains since this region has been observed to be useful for classification and identification of endosporeforming bacteria [8, 28] . Nine polymorphic taxon-specific sites within the partial 16S rRNA sequences of the strains were determined (Table 4) . Analysis of the secondary structure of the rRNA molecules revealed that the variable nucleotides were located outside of base paired regions (loops), or that they comprised base pairs within stem structures, for example at sites 185/202 and 465/483. The 465/483 nucleotide pair showed two alternatives: A/T (B. mojavensis and B. subtilis) or G/C (B. amyloliquefaciens, B. atrophaeus and B. vallismortis). Similarly, the T/A pair at positions 185/202 was present in most of the reference strains but it was altered to C/G in the plant-associated strains of B. amyloliquefaciens. However, the type strain of B. amyloliquefaciens had the unmatched pair T/G at positions 185/202 ( Table 4) . Analysis of the 16S rRNA gene sequences revealed that strains UCMB-5017, B-5033, B-5036, B-5044, B-5113, At1 and At4 were closely related to the type strain of B. amyloliquefaciens but distinguished by the polymorphisms noted above and the bright red colony pigmentation apparent with strains UCMB-5113, At1 and At4. Strains UCMB-5051 and B-5075 were associated with B. mojavensis species. Strains UCM B-5049, B-5137, B-5184, At2 and At5 were assigned to B. subtilis on the basis of the partial 16S rRNA sequence comparisons, but it was impossible to refer them to subspecies subtilis or spizizenii.
In order to clarify further the classification of these bacteria we analysed the gyrA gene, which has previously been shown to be effective for resolving these closely related taxa of the B. subtilis group [29] . We amplified and aligned sequences from nucleotides 226 to 1015 of gyrA for our isolates and built a neighbourjoining tree (Fig. 5) . Most strains isolated from plants, including the red-pigmented strains, comprised a monophyletic lineage encompassing the type strain of B. amyloliquefaciens. A second cluster of strains (based on UCMB-5137) was recovered close to B. subtilis subsp. subtilis (strains DSM 10 T and 168). Strains UCMB-5051 (not shown, only a partial sequence was obtained) and UCMB-5075 were recovered close to B. mojavensis. Finally, two black-pigmented strains, UCMB-5008 and At3, had almost identical sequences and shared 95% similarity with the type strain of B. subtilis subsp. spizizenii. A non-pigmented strain UCMB-5014 was also located near here.
To evaluate the gyrA phylogeny, we analysed the cheA gene for selected strains. This key enzyme of bacterial chemotaxis is broadly distributed among all Gram-positive and Gram-negative eubacteria and is crucial for effective plant colonization by endophytic Pseudomonas [30] . This background suggested that cheA may reveal particular variation in this collection of plant-associated bacteria. Two primers (CheA_F/ CheA_R) were derived from the B. subtilis 168 genome sequence targeted to positions 127-156 and 1048-1077, respectively. Sequences of the PCR products obtained for selected reference strains were then used to design primers CheA_MF/CheA_MR (Table 2) . PCR products amplified with these new primers were sequenced, aligned and a neighbour-joining tree was constructed from the region between positions 325 and 891 of the B. subtilis 168 cheA gene (Fig. 6) . The topology and allocation of strains to clades in the cheA tree were similar to the gyrA tree, and the group of plant-associated strains related to B. amyloliquefaciens was again evident.
The well characterized a-amylase genes of B. subtilis and B. amyloliquefaciens have been used for distin- 
amyloliquefaciens UCMB-5017, B-5033, B-5036, B-5044, B-5113, At1, At4 guishing strains of these closely related species. We consequently amplified this gene using two pairs of standard primers ABa1/ABa2 and ABs1/ABs2 specific for the a-amylase genes of B. amyloliquefaciens and B. subtilis respectively [8] . Primers ABs1/ABs2 were diagnostic for B. subtilis subsp. subtilis strains and failed to produce a product when DNA from B. subtilis subsp. spizizenii DSM 347 T was used as template. Primers ABa1/ABa2 produced a product of the correct size with DNA from B. amyloliquefaciens strains DSM 7
T and H and B. mojavensis DSM 9205
T and strains UCMB-5051 and B-5075, but failed with all the plant-associated strains of B. amyloliquefaciens.
The ability to survive in the plant rhizosphere environment, which is replete with antibiotics, may rely on an effective system of efflux proteins that limit the accumulation of antibacterial substances in the cytoplasm. One such transporter that confers maintenance of general homeostasis and antibiotic resistance is the antiporter encoded by genes tetB-tetL [31, 32] . These genes are located near the origin of replication in B. subtilis 168 [33] . Chromosomal rearrangements were detected in the strains of B. amyloliquefaciens compared to B. subtilis 168 (Fig. 7) . The gene yyaR (function unknown) located 2003 bp downstream to tetB(L) in B. subtilis 168 appeared upstream next to tetB(L) in the B. amyloliquefaciens strains. In B. subtilis 168, tetB(L) are adjacent to yyaO. To confirm this arrangement in the other strains, two primers YyaO_F and YyaR_F derived from the 3 0 -end of yyaO and yyaR were designed and used for PCR amplification together with the reversed primer TetB_R targeted to the 5 0 -end of tetB. PCR products were amplified using the primer pair TetB_R/YyaR_F from all B. amyloliquefaciens strains including the type strain and strain H, but no products were amplified with strains of all other taxa used in this study. Conversely, the primer pair TetB_R/YyaO_F worked solely with B. subtilis subsp. subtilis strains and did not amplify sequences from all other strains including the type strain of B. subtilis subsp. spizizenii (Table 5 ).
Discussion
The ability to colonize plants is a multifactorial process requiring resistance to plant defence systems as well as the ability to initiate growth on plant surfaces, invade tissues and develop within the plant. In return for a safe and nutrient rich environment, the bacterium may provide the host with resistance to plant pathogens through the synthesis of antibiotics and enzymes and promote plant growth [1, 5, [15] [16] [17] . Indeed, it seems that some bacteria become intimately associated with the plant since strains of B. amyloliquefaciens (At1, At4 and UCMB-5113) could be isolated in reasonably high titres from stems, leaves and pods of oilseed rape plants one month after initial treatment of the seed. Moreover, vertical transmission of these strains from plant to plant via the seeds was indicated by the isolation of several strains, including At1 and At4, from seedlings derived from surface sterilized seeds and grown in a gnotobiotic environment. For effective initiation of colonization, the bacterium must attach to the seed surface, primary roots and root hairs, and survive the bacteriocidal substances released by roots. A comparison of a relatively poor colonizing bacterium, B. amyloliquefaciens strain UCMB-5017, and the more efficient colonizer, B. amyloliquefaciens UCMB-5113, revealed that the latter formed a thick layer on the seed surface while the former was apparently inhibited and subsequently killed, maybe by bacteriocidal substances from the root. Moreover, strain UCMB-5113 produced surface structures that appeared to anchor the bacterium to the root surface (Fig. 2) . It would seem that this bacterium is well adapted to seed and root colonization. This effective plant colonization ability for B. amyloliquefaciens UCMB-5113 was associated with a high level of protection against the phytopathogen L. maculans, although it showed limited antagonistic activity against the fungus in vitro. In contrast other strains had distinct antifungal activity in vitro but showed limited in vivo protection ( Table 3) . The most probable explanations for this are that (i) colonizing ability is a key to successful plant protection and (ii) the environment within the plant may induce the bacterium to synthesize antifungal compounds that are not produced in vitro. Moreover, inoculation of plants with endophytic bacteria can result in induced systemic resistance in the host plant. The phenomenon of induced systemic resistance involves release of antibiotic substances in response to bacterial challenge and was first demonstrated with an endophytic Pseudomonas strain, but has also been noted when B. amyloliquefaciens was used as a biocontrol agent [34] [35] [36] . These findings suggest that in vitro antifungal bioassays can be misleading in assessing the biocontrol properties of an organism.
The bacteria included in this study were largely isolated from plants or from soil intimately associated with plant roots. However, the abilities to colonize plants in the laboratory may not necessarily relate to their origins. For example, some strains isolated from the inner tissues of cotton plants, such as B. amyloliquefaciens UCMB-5036 and UCM B-5044, did not colonize the roots of barley or oilseed rape plants to any appreciable extent. This indicates specificity of bacterial strains towards certain host plants. Moreover, while various strains, including some that produced red-pigmented colonies, colonized our test plants effectively, others did not. We therefore characterized the bacteria to determine any relationships between taxonomy and plant colonizing ability.
Sequence analysis of partial 16S rRNA genes revealed that all strains were closely related to B. amyloliquefaciens and B. subtilis. This is consistent with several previous studies in which strains of these species have been commonly encountered as plant colonizing bacteria [5, 6, 9, 16, 37] . While the partial 16S rRNA sequences provided insufficient resolution to distinguish the various subspecies and close relatives of B. subtilis, a group of strains was evident characterized by a G residue at position 202, typical of B. amyloliquefaciens, and yet having a unique C at position 185. This suggested a group of strains closely related to, but distinct from B. amyloliquefaciens. All strains in this group were isolated from plants and many had good plant colonizing properties. Three red-pigmented strains were included in this group. Such pigmentation is rare in B. amyloliquefaciens and in Bacillus in general.
In order to analyse more thoroughly this group of plant-associated strains, we compared partial gyrA sequences which have been shown to be useful for distinguishing B. subtilis from its close relatives [29] . gyrA sequences of the seven B. amyloliquefaciens-like strains formed a monophyletic group with the sequences from the three red-pigmented strains clustering together (Fig. 5 ) and two strains (UCMB-5036 and B-5044) which failed to colonize barley and oilseed rape roots forming another subgroup. All seven bacteria were closely related to the type strain of B. amyloliquefaciens on the basis of gyrA sequences. Other isolates were identified according to their nearest relative, although it is apparent that there is some sequence variation in the B. subtilis subsp. spizizenii, B. subtilis subsp. subtilis, and B. mojavensis clades. It is not clear how much variation in gyrA may be associated with a taxon since, with the exception of B. subtilis subsp. subtilis, branches in the original study were represented by single strains. Although the results from our strains support the use of this gene for species recognition in this group since it enabled approximate assignment of strains to a taxon, we sought further evidence from a second gene, cheA.
Plant colonization is believed to be an active process that requires bacteria to respond to the complex environment of the plant rhizosphere which is replete with antibiotics and chemical signals. It may be expected, therefore, that endophytic bacteria have evolved sensitive and finely tuned chemotactic responses. Indeed, cheA mutants of Pseudomonas fluorescens are defective in both flagella-driven chemotaxis and tomato root colonization [30] . We therefore used the cheA gene as a phylogenetic marker for the B. amyloliquefaciens strains isolated from plants. The resultant tree (Fig. 6 ) was topologically consistent with the gyrA tree and confirmed strain allocation to taxa. It also revealed that cheA was changing approximately five times faster than gyrA in these organisms. Moreover, while the gyrA alleles contained many synonymous changes, the cheA alleles were characterized by non-synonymous changes, insertions and deletions, suggesting rapid adaptation to the rhizosphere environment by these bacteria.
A simple PCR-based diagnostic procedure for identification of B. amyloliquefaciens and the related plant-associated taxa would be useful for identification of strains isolated from plants or used for biocontrol purposes. The existing PCR test for identification of B. amyloliquefaciens strains based on the a-amylase gene of the organism [5] was not useful since the primers failed to amplify a product from the plant-associated strains. We therefore analysed the tetB(L) antiporter genes of these strains. A different organization of these genes was discovered in B. amyloliquefaciens strains compared with strains of B. subtilis subsp. subtilis (Fig. 7) which enabled the design of diagnostic primers YyaR_F/ TetB_R that amplified a product from B. amyloliquefaciens DNA (both the type strain and plant-associated strains) but not from DNA of strains of B. atrophaeus, B. mojavensis, B. subtilis subsp. subtilis and subsp. spizizenii. Thus the plant-associated strains can be recognized by a positive reaction with the tetB(L) primers and a negative reaction with those for a-amylase ( Table 5 ).
The precise taxonomic status of the plant-associated strains of B. amyloliquefaciens remains unclear. These organisms have much in common with B. amyloliquefaciens sensu stricto, the tetB(L) region of the chromosome has the same arrangement and cheA is very similar. But in other aspects they are distinguishable, there is a signature base in the 16S rRNA gene (C/G at positions 185/202 in the plant-associated strains of B. amyloliquefaciens compared with the unmatched pair T/ G in the type strain, see Table 4 ), the a-amylase gene appears to be dissimilar from that of the type strain since it is not amplified by amyA primers, and the gyrA sequences vary. In many respects these bacteria have the properties of an ecotype which Cohan defines as ''a set of strains using the same or similar ecological resources'' [38] . The ecotype concept includes consideration of competition between adaptive mutants and is similar to the clone in bacterial population genetics [39] . A bacterial ecotype can be identified as a sequence cluster [38] just as multilocus sequence typing indicates clones in bacterial species [40] . On the basis of the cheA and the gyrA sequence data and other information presented here, it would seem that the plant-associated strains of B. amyloliquefaciens could be considered a distinct ecotype within this species.
